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???????????????????? 
???????????????????(I)? 
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??????? 
?????????????????
????? (smart cooling system)???
(sensing)???(actuating)????????
?????????????????
(silicon bulk micromchining)???????
(wafer bonding technique)?????????
??????????????(non-silicon 
based)???????? (low temperature 
surface micromachining)?????????
???????????????????
?????????—??????????
???????SU8—??????????
????????? (electro-hydrodynamic 
pump)??????? 
???????????????????
????????? 
Abstract 
This project describes a combined fabrication 
technique of the mature silicon bulk micro- 
machining and the newly developed, low 
temperature surface micromachining to make 
the “smart” micro-cooling system chip. Such 
the-state-of-art processing framework can serve 
as a common experiment platform for 
implementing various applicable microfluidic 
systems including channels, chambers, 
reservoirs, actuating pumps. 
Keywords: low temperature surface 
micromachining, parylene, electro- 
hydro-dynamic (EHD) pump 
?????? 
?????????????????
??(in-situ measurement)????????
???????????????????
???????????????????
???????/????????????
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???????? 
(?) ?? SU-8???????? 
(?) ????????? SU-8 ???
???????? 
(?) SOI-like? CMOS ???????
?????????? 
???(?)????????????
????????????(????); ?
??(?)???????????????
???????????????????
?; ???(?)?? SOI-like ? CMOS ??
???????????????????
?(?????????????????)
???????????????????
??????????????????
?????????: 
????????? 
(?) ??????????????
???????? 
?????????????????
?????(polysilicon)?????????
??(PSG)?????????[1]????
CMOS ????????????????
?[2]????????????????
????polysilicon-PSG?????????
? LPCVD ??????????????
??????????????????
?polysilicon-PSG???????????
???????????????????
(residual stress)?????????????
???????????????????
???????????????????
????? 120?C??(????????
???????)????????????
???????? 
???????????????
???????(parylene)????????
???????? check-valve[3]?????
????????[4]??????????
???????[5]????? parylene??
???????????????????
???????????????????
?????[6]???????parylene ??
?????? LPCVD ??? 10%????
???????????????????
??????????? 50???????
??????? 36???????????
??? 30 ???????? SCS ?
PDS-2010 ?????????(?????
????? 20 ???????????)?
???????????????????
?????????????????(wafer 
boat)?????(?????? 2 %??)??
???(?????????? 90? 12??
????????????[7])? 
 
??????????? SCS ? PDS-2010
?????????? 
? parylene ????????????
???????(free-standing or suspended)
????????????? 
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???????????????????
????????????? 
a? ????????????? 800C 
Piranha ? ? ? ? ?? ? ? ? ? ? ?
?D.I.Water??????????????
???????????????????
A-174????????????????
???????? parylene???????? 
b? ? parylene??? AZ4620???????
???????????????????
???????????????? 
c? ???? parylene??????????? 
d? ??????????????? AZ4620
???????????????????
?????? 
e? ?? (?????? )O2 ???????
parylene??????? parylene????
? O2????????(selectivity)??? 
f? ??????(???????????)?
?????????????? parylene?
???????????????????
???? parylene?????????? 
?????????????????
???????????????????
???????????????????
??????? 
 
(a)  
(b)  
(c)  
???????????????????
??(a)????(b-c)?????(a)????
???(b-c)??????????????
??????? 3-6 ??????????
???????? 5-8??? 
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(?) ????????? SU-8 ???
??????? 
?????????????????
???????? SU-8????HF???
???(?????-????piranha ???
???? SU-8 ?????)???????
???????????????????
????????????? SU-8 ???
(cross-linking)?????????????
?? HF ???????????????
???????????? 
 
???????????SU8??????
??????????? 
(a)?????????????????
?thermal Sensor??????????????
?? SOI-like???? 
(b)????????????????????
???????? SU8???????????
?????????????????????
?????????????250?1000rpm?15
??????????????? (1000?
2000rpm?1?2?)?????????????
?????????????????????
?????????????????????
?????????????????????
??????? 80?900C??????????
?????????????????????
??????????????? 350?400nm
???????????? SU-8???????
?????????????? 
(c-d)?????(36/80/125µm)??????(?
????????????????)???
SU8 ????????????? SU-8 ???
??????????????b??????? 
(e)??? SU-8 ??????????????
? Mask ?????????????????
????????????????????
SU-8 ????????????????
(post-exposure-baking; PEB)?????????
????????????????????
950C? 
(f)???????????????? PGMEA 
(Propylene glycol monomethyl entheracetate)???
?????????????????????
? SU-8 ?????????????????
?????????????????????
??????????????????(GBL 
thinner)????(IPA; Isopropanol)?????? 
(g)???? HF ? BOE ??????????
? HF ??????????????????
???????????????? 
?????????????????
??????????? 36µm, 80µm? 125 
µm????????? 3cm???????
??????????????[8-11]???
100 ?????????????????
????????? 
?????????????????
???????? HF?????????
???????????????????
? HF?????????????? 100
???????????????????
???????????????????
??????????? HF??????
???????????????????
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???????????????? HF?
???????????? HF?????
??????????????????? 
(a)  
(b)  
(c)  
???????????????????
???????: (a)36µm,(b)80µm, (c)125µm 
?????????????????
???????????????????
????(roundness deviation)??????
?????????? 8 %???????
????????????? Alpha-step 
surface profiler ????????????
???(averaged surface roughness)????
? 10????? 
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(b) 
???????????????????
??????: (a) ???? 38µm????
????? HF???? (???????
??); (b) ??? 49%??HF??????
??????? (??????????) 
?????? 3cm???????????
???????: 
 
measuring 
position
 
inner 
diameter
 
Inlet
1/3 
portion 
from 
the inlet 
2/3 
portion 
from 
the inlet 
Outlet 
Averaged 
roundness 
deviation
36µm 
channel
2.1µm
(5.8%)
2.4µm
(6.7%) 
2.0µm 
(5.6%) 
1.7µm 
(4.7%) 
2.3µm 
(6.4%)
80µm 
channel
3.1µm
(3.9%)
4.2µm
(5.3%) 
4.1µm 
(5.1%) 
4.5µm 
(5.6%) 
4.0µm 
(5.0%)
125µm 
channel
10.0µm
(8.0%)
7.6µm
(6.1%) 
7.0µm 
(5.6%) 
10.5µm
(8.4%) 
8.8µm 
(7.0%)
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(?) ??????????? 
?????????????????
???????????????????
???????????????????
???????????????????
???????????????????
(no moving parts)[12]?????????
(EHD pump)?????????????
?????????????????? σ?
???? ε ?????? µ???????
????????????? ε ?????
??? µ?????? EHD ??????
?[13]???????????(laminar flow)
???????????????????
???????[14]? 
L
dEU
µ
ε
12
22
≈               (1) 
???????[14]????????
????(comb structure)??????? 550
????? 80???????? 0.1???
???????????????? 80 ?
??????????????? 160 ?
????????????? 20?????
???????????? 1.5 ?????
???? 6.08?????????????
?????? 100??????? 
?????????????????
???????????????????
???????????????????
??? 7740??????????????
??(anodic bonding)??????????
???????????????????
???????????????????
(ITO; Indium-Tin-oxide)????????
???????????????????
???????????????????
???????????????????
??????????? 
?????? EHD?????????
???????????????????
?????????? EHD???????
??(??)???????????????
?????? 
A - A cross section
(1) ITO sputtering
7740
(2) Alignment key patterning
7740
(3) ITO patterning
7740
Si
(4) Oxide grownth
(5) Grooved channel etching
7740
(6) Anodic bonding
????? ITO????????????
?????????? 
 
 
???????????????????
??????(reservoir)???????? 20 
? ITO????????????????
?????????? 
 
???ITO-Au????????????
EHD?????? 80µm???????
80µm??????? 100????30???
???????
 7
 
????? EHD??????????? 
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???????????????????
??? 60????????? 360nl/min?
?????????[15]??????? 33%
??? 57%??????????????
???????????????(1)???
??????? 
??????? 
?????????????????
??????????? SCI????(??
?) 2?[16-17]???(IEEE???)????
1?[15]??????? 2?[7, 18]????
???????????????????
?????????[19-21]? 
?????????????????
???????????????????
??????????????????
-SU8?????????????????
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